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We analyze the gravitational waves within the Spinor Theory of Gravity and compare it
with the General Relativity proposal. In the case of STG a gravitational wave may occur if
the effective gravitational metric induced by the spinorial field is Ricci flat.
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2In the Spinor Theory of Gravity (STG) gravitational phenomena are described in terms of two
spinorial fields, the gravitational neutrinos Ψg, Ωg (g-neutrino for short) through the generation
of an effective metric. Besides there is a scalar field H that participate in the dynamics of these
neutrinos [1]. We note from the beginning that the effect of gravitation on bodies is well described
by Einstein’s idea to associate universal gravity to the modification of the geometry of space-time.
The STG states that this metric is an effective one, that is, it has not a dynamics by its own.
In general a classical physical wave is defined through the discontinuity of the equation of motion
of the field and/or its derivative . The most useful formulation of this was done by Hadamard [2].
Once in STG the gravitational metric has not a dynamics by its own, this approach could not be
followed, although a very similar features appears in STG.
The simplest case of gravitational waves in the context of General Relativity (GR) is constructed
considering the linear approximation of the metric under the form [3].
gµν ≈ ηµν + ǫ φµν (1)
The vacuum wave equations are obtained from Einstein’s equations by assuming that the weak
field is traceless and divergence-free,
ηµν φµν = 0,
φ νµ ,ν = 0.
Then the Ricci-flat spacetime Rµν = 0 is achieved if
✷η φµν = 0. (2)
The subscript η denotes the D’Alembertian in the Minkowski background. A solution of (2) is
called gravitational wave in GR and propagates with the velocity of light.
The analysis of gravitational waves in the case of arbitrary (not weak) field can be most directly
presented if one selects to work in the harmonic coordinate system
Γαµν g
µν = 0. (3)
in which the dynamics of GR becomes [3] [4]
g00 gij,00 +Σij = 0 (4)
where Σij does not contain second time derivatives and thus are determined by Cauchy data. Then
it is immediate to show that if there is a discontinuity χ it is characterized by the eikonal
gµν χ,µ χ,ν = 0. (5)
Let us turn now to the case of Spinor Theory of Gravity.
In [1] we have proposed to treat gravitational phenomenon in terms of two spinorial fields Ψg
and Ωg that interact universally with all matter through the modification of the geometry of the
space-time according to the main principle of General Relativity. We restrict our analysis here to
the simplest case in which there is only one G-neutrino Ψg. In this case [5] the effective gravitational
metric gµν is written in terms of the null vector ∆µ constructed as a combination of the V–A current
Ψ γµ (1− γ5)Ψ, that is, we set
gµν = ηµν − κhµν (6)
3where
hµν = ∆µ∆ν (7)
Let us remind that this is an exact form. It is not an approximation. By dimensionality argument
we set the null-vector ∆µ defined in terms of the V–A current with dimension L
−1 :
∆µ = (Jµ − Iµ)
(gw
J2
)1/4
. (8)
A simple inspection shows that hµν satisfies the properties
hµν η
µν = 0; (9)
hµν hαβ η
να = 0. (10)
The dynamics of the g-neutrino Ψ (an analogous equation is valid for the other g-neutrino [6])
is given by the Dirac equation
i γµ∇µΨ = 0. (11)
∇µ is the covariant derivative
∇µΨ = ∂µΨ− ΓµΨ.
Note that the g-neutrino lives in the flat Minkowski space-time and if we choose an Euclidean
coordinate system
ds2 = dt2 − dx2 − dy2 − dz2,
the gamma matrices γµ are constant and the covariant derivative of the spinors is controlled by
the scalar field H (see [1]) that is
Γµ =
1
4
γµ γ
αH,α.
A comma means simple derivative and H obeys the Klein-Gordon equation
✷H ≡ ηµν ∂µ ∂ν H = 0.
It then follows that it is possible to substitute in these formulas ηµν by gµν . Furthermore, we
note that due to the limitation to just one single spinor field, combining with the property that
∆µ is a null vector imply that the determinant of gµν is equal to the determinant of ηµν . In [1] it
was shown that this limited framework contains two relevant metrics – the spherically symmetric
and static field of a massive object and the dynamical isotropic universe.
A solution of (11) is provided by setting
Ψ = expH Ψ0 (12)
with Ψ0 is a constant spinor. The corresponding null-vector of the Fermi (weak) current is
∆µ = expH nµ
4where nµ is a constant null vector in Minkowski space-time. The derivative of this is
∆µ,α = H,α∆µ (13)
It is immediate to see that in the effective metric gµν = ηµν − κ∆µ∆ν the covariant derivative of
the null vector ∆µ takes the same form
∆µ ;λ = ∆µ ,λ.
Let us consider the case in which the vector Hµ is orthogonal to ∆µ. A simple possibility is given
by setting
H = ei nµx
µ
. (14)
Then, a direct calculation show that this implies the Fock harmonic condition (3). Thus it then
follows that hµν satisfies the exact equations
✷g hµν = 0. (15)
hµν ; ν = 0. (16)
hµν g
µν = 0. (17)
The symbol g means that the (covariant) derivative must be taken in the geometry driven by the
effective metric
gµν = ηµν − κ exp(2H)nµ nν .
Note that although similar in the form of the linear case of GR, the above equations for STG are
not an approximation but an exact one. Moreover the vector nµ is a null vector in Minkowski and
also in the effective gravitational metric. Such properties allows us to propose that equations (15,
16, 17) should be taken as definition of gravitational waves in STG.
Finally, let us point out that these properties of H are similar to the ones required by Kundt [7],
[4] to his definition of gravitational waves in GR. Indeed he states that the metric of a space-time
V4 will describe a field of plane waves if the given V4 admits an isotropic vector field P
α satisfying
the conditions
• P[α;β] = 0;
• P(α;β) P
α;β = 0;
• Pα;α = 0.
It is immediate to verify that identifying Pα to the gradient of the scalar field H,α satisfies all these
three Kundt requirements.
In order to further characterize the properties of the metric (6, 7) of STG let us evaluate the
contracted Riemann curvature Rµν under the condition (13) and the case driven by (14). It is
immediate to evaluate this using the Christoffel symbol
Γαµν =
1
2
gαβ [− (∆µ∆β), ν − (∆ν ∆β), µ + (∆µ∆ν), β ] ,
where gαβ = ηαβ +∆α∆β.
5We can state the following
Lemma
1. Let Ψg be a spinor field in the Minkowski spacetime V4 that modifies the metric through the
weak current ∆µ and satisfies the Dirac equation (11);
2. Let H be the Klein-Gordon field that generalize the internal connection of Ψg and whose
gradient is orthogonal to ∆µ ;
3. Let the effective metric (6, 7) be the representation of the action of Ψg over V4 ;
Then the effective geometry is Ricci-flat.
Therefore, the definition of gravitational wave provided by STG requires that the effective metric
be Ricci flat.
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